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Purpose/Objective: 4D CT imaging based on respiratory-correlated 
algorithms incorporates organ motion which reduces motion artifacts 
and allows for an accurate determination of the tumor trajectory. 
However, breathing irregularities can cause considerable image 
distortions. Most of 4D CT images are reconstructed using a phase-
based reconstruction method that is subject to image misalignments. 
The aim of this study is to investigate the impact of phase- and 
amplitude-based reconstruction algorithms in margins definition for 
lung cancer. These algorithms are studied in terms of image quality 
and dose distribution in presence of respiratory irregularities. 
Materials and Methods: 4D CT images of Dynamic Thorax Phantom are 
acquired in helical mode (pitch < 0.1) using a 16-slices Toshiba CT. 
The respiratory signal is tracked by the ANZAI belt. Two irregular 
breathings are simulated with amplitude and frequency variations. 
Artifacts are evaluated from the reconstructed images. 
Four VMAT plans (two simulated breathing models for the two 
reconstruction algorithms) delivered in two arcs are calculated in 
Monte-Carlo-based TPS in the exhale phase. The plans are evaluated 
for Dmin, Dmax, Dmean, homogeneity index (HI) and conformity index 
(CI).  
 
 
Figure: Example of image reconstruction for two irregular breathings 
for a spherical target. Top (A, B): breathing amplitude variation; 
bottom (C, D): breathing frequency variation; left (A, C): amplitude-
based reconstruction; right (B, D): phase-based reconstruction. 
Results: For breathing amplitude variations, the amplitude-based 
reconstruction shows a significant reduction of artifacts compared to 
the phase-based (see Figure). For breathing frequency variations, the 
phase-based reconstruction is more efficient. Most of the artifacts are 
partial projection effect and data sampling conditions. There is no 
significant variation on the evaluated dosimetric parameters (see 
Table) since the dose calculation is performed on the exhale phase, 
less subject to motion artifacts.Therefore, for the mid-ventilation 
strategy, being close to the exhale phase, the choice of image 
reconstruction algorithm is not of importance for dose distribution 
which may be not the case for another strategy, e.g. internal target 
volume (ITV). 
 
 
Table: Dosimetric parameters for the two reconstruction algorithms 
and for the two simulated irregular breathings. 
 
Conclusions: Amplitude-based algorithm reduces image distortions 
associated with respiratory irregularities, as amplitude variations. This 
is not of importance for mid-ventilation strategy, but it could be for 
other strategies, like e.g. ITV-based. Additional work will evaluate the 
robustness of the mid-ventilation strategy in case of amplitude-based 
reconstruction algorithm and with complex breathing patterns. 
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Purpose/Objective: At our clinic left sided breast cancer patients 
with lymph node involvement receive their radiation treatment gated 
with respect to their respiration. We used the free-breathing 
enhanced inspiration gating (IG) for several years, but now we are 
testing Deep Inspiration Breath Hold (DIBH). We have performed a 
comparison study of the two methods with main focus on the 
reproducibility of the inspiration level and quality of the treatment 
plan with respect to target coverage and dose to risk organs. 
Materials and Methods: Both methods used the same marker-based 
respiration monitoring system. For DIBH we used visual feedback and 
for IG audio coaching, both during Computed Tomography (CT) scan 
and treatment. For this study, 15 patients were scanned with both 
methods and on both CT-scans CTV for the breast tissue, the left 
anterior descending (LAD) artery and the left lung were delineated 
and radiotherapy treatment plans were calculated. Both plans met the 
guidelines of the Danish Breast Cancer co-operative Group. Out of the 
15 patients, 10 completed their treatment in DIBH and were included 
in the analysis of reproducibility. Those 10 patients were audio 
coached for about one minute (7-15 breathing cycles) before their 
treatment at 9 treatment sessions (roughly session 2, 3, 4, 12, 13, 14, 
22, 23 and 24). During this minute, the patients did not receive any 
feedback. The average maximum inspiration level and standard 
deviation (SD) were calculated for each session. For comparison the 
mean inspiration level and SD were calculated for the DIBH levels in 
the subsequent treatment. Comparison were performed with the 
Wilcoxon signed rank-sum test. 
Results: The results showed that the reproducibility of the inspiration 
level was better with the DIBH method, observed as a significantly 
smaller SD in most patients (p < 0.008 for 8 out of 10patients). The 
left lung volume was higher with the DIBH method compared to IG (p< 
0.0005) with mean increase of 15 %. This lead to a mean decrease in 
the V20 dose to the left lung of 6 % (p= 0.01). There was no significant 
difference in the CTV coverage or the maximum dose to LAD artery 
between the two methods (p > 0.2). 
Conclusions: The inspiration level for visually-guided DIBH was more 
reproducible compared to audio coached IG. Furthermore, the DIBH 
method with visual feedback resulted in a significantly larger lung 
volume and lower V20 dose for the left lung compared to IG with 
audio coaching. We could not detect a difference in dose coverage of 
the breast or sparring of LAD. These findings support the move 
towards DIBH with visual feedback as the new standard for breathing 
adapted radiotherapy for left sided breast cancer patients at our 
clinic. 
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Purpose/Objective: Breath-hold techniques can be used to reduce 
cardiac dose during breast cancer radiotherapy. In our institute, 
patients are treated with a voluntary deep-inspiration breath-hold 
technique (DIBH). Inter- and intra-fraction variations in breath-hold 
may result in breast underdose or a heart dose that is higher than 
planned. In this study, we quantify the uncertainties, and assess 
residual set-up errors and required CTV-PTV margins for a number of 
set-up correction protocols. 
Materials and Methods: Currently, a breath-hold cone-beam CT 
(CBCT) scan is used to daily verify and correct the patient set-up prior 
to dose delivery. Patients had a breath-hold (BH) instruction and 
training session 4 days prior to planning CT-scan acquisition to be able 
to hold their breath for 40 seconds, needed for CBCT acquisition. In 
addition, during dose delivery, EPID frames were continuously 
acquired to verify stability of each BH and check for intra-fraction set-
up variations between successive BHs, using the online treatment 
monitor (OTM) in the Theraview NT software (Cablon Medical). In case 
of a deviation larger than ± 4 mm in chest wall set-up, the treatment 
beam was manually interrupted. EPID frames were saved for 
retrospective analyses. Population systematic set-up errors (Σ) and 
intra- and inter-fraction random errors (σintra,σinter) were established 
for the applied protocol, as well for simulated no-action-level (NAL) 
and extended NAL (eNAL, weekly or daily) off-line protocols, both for 
CBCT and EPID based set-up correction. Evaluations of set-up 
variations were done in the (u,v) plane of the medio-lateral tangential 
beam (u: ventrodorsal, v: cranial-caudal). The initial analysis is based 
on 300 treatment fractions for 12 patients (1360 breath-holds). 
Results: After initial online CBCT guided set-up, only 0.5% of the 
treatment beams was interrupted, based on an OTM detected set-up 
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deviation. Within each BH, the set-up remained stable within 1.0 mm. 
EPID images showed that σintra was 1.4 mm in both u- and v-directions, 
increasing the σtotal by about 0.5 mm (depending on the value of σinter). 
σinter was 1.2 and 1.7 mm with online CBCT protocol, but recalculated 
to be 2.3 and 2.7 mm in case of set-up on laser marks only. Without 
protocol, Σu would have been 3.3 mm and Σv 2.7 mm; with an online 
CBCT protocol this reduced to 1.2 (u) and 1.4 (v) mm. Because many 
patients changed their BH pattern during or after the first week of 
treatment, both the offline NAL and weekly eNAL protocols were less 
effective, indicating that more intensive imaging protocols have to be 
applied. CTV-PTV margins can be reduced from 10 mm (no protocol) 
to 7 mm with a weekly eNAL protocol, 5 mm with a daily eNAL 
protocol, or 4 mm with an online protocol.  
Conclusions: For accurate radiotherapy breast treatments using a 
voluntary DIBH technique a daily imaging protocol is required. 
Although CBCT provides full information about patient positioning and 
is needed for a 3D treatment beam setup, imaging of the medio-
lateral beam can be a fair alternative for treatments with tangential 
beams only, resulting in a decrease of patient dose. 
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Purpose/Objective: To explore the potential of scanned helium ion 
beams compared to scanned proton beam therapy in a treatment 
planning study. The physical characteristics of helium ions (different 
peak to plateau ratio and sharper beam penumbra) seem to make it a 
promising candidate for radiation oncology. 
Materials and Methods: All treatment plans were created with the 
treatment planning system Hyperion, utilizing a novel pencil beam 
algorithm for both proton and helium ion beams. Employing the same 
conceptual dose calculation algorithm for both ions enables a precise 
comparison without having to account for deviations within 
algorithms. Sample treatment plans were calculated for prostate 
cases and skull base tumours. For both scenarios two laterally opposed 
beams were applied. Treatment plan optimisation was done with the 
same algorithm, constraints and scanning pattern for a given 
treatment site for both particle species.  
Prostate patients received 78 Gy to the PTV, defined as the CTV with 
an isotropic 5mm margin. For the prostate plans two organs at risk 
(rectum and bladder) were delineated. 
The skull base patients were prescribed 54 Gy to the PTV, delineated 
using the CTV plus a 3mm isotropic margin. For the skull base plans 
five organs at risk (eyes, optic nerves and brainstem) were delineated. 
Results were evaluated using dose volume histograms (DVH) and 
target coverage and conformity. 
Results: Two prostate patients have been evaluated so far (PTV 
volumes ~126 ccm). Dmedian for both patients was 78.7 ± 0.4 Gy. D2% for 
prostate patient 1 was 80.1 vs 79.8 Gy with a V95% of 98.6 vs 99.2 % for 
protons and helium ions, respectively. Corresponding values for 
patient 2 were similar (D2% of 80.5 vs 79.8 Gy with a V95% of 98.7 vs 
99.2 % for protons or helium ions). The conformity index for patient 1 
was 0.06 vs 0.04 for protons and helium ions, for patient 2 0.07 vs 
0.04. 
For the skull base patient 1 (average PTV 81.7 ccm) PTV Dmedian was 
54.3 ± 0.1 Gy for both particles. D2% was 56.2 vs 55.6 Gy with a V95% of 
96.1 vs 98.6 % for protons and helium ions, respectively. 
Corresponding values for patient 2, having a smaller PTV (volume of 
30.9 cm), were: D2% 55.8 vs 55.4 Gy with a V95% of 97.6 vs 99.3 % for 
protons or helium ions. The conformity index for skull base patient 1 
was 0.11 vs 0.07, for patient 2 0.09 vs 0.05 for protons and helium 
ions.  
Organ at risk doses for both patients did not exceed the tolerance 
values as specified in the QUANTEC report. 
Conclusions: Systematically steeper PTV DVH curves were obtained 
for helium ions, with a reduced D2% and increasing V95%. The dosimetric 
improvements of treatment plan parameters when using helium ions 
compared to protons motivate a more thorough investigation of 
helium ions. Current work in progress deals with improvements in RBE 
modelling of helium ions during optimisation to fine tune the model.  
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Purpose/Objective: Internal target and organ motion during 
treatment is a challenge in radiotherapy (RT) of the prostate and the 
involved elective targets, with residual motion being present also 
following image-guidance strategies. The aim of this study was to 
investigate organ motion induced dose degradations for the prostate, 
seminal vesicle and the pelvic lymph node targets when treating these 
targets with proton therapy, using different image-guidance and 
delivery strategies. 
Materials and Methods: Four patients were selected from a larger 
series as they displayed large inter-fractional variation in bladder and 
rectum volume. Intensity-modulated proton therapy (IMPT) plans were 
generated using both simultaneous integrated (SIB) and sequential 
boost delivery. For each technique, three isotropic margin expansions 
(in the range of 4-10mm) were evaluated for the clinical target 
volume of prostate (CTV-p), seminal vesicles (CTV-sv) and lymph 
nodes (CTV-ln). Simulation of the dose degradations for all treatment 
plans were based on dose re-calculations for the 8-9 repeat CTs 
available for each patient, after applying rigid registrations to 
reproduce set-up based on either intra-prostatic fiducials or bony 
anatomy. 
Results: The simulated dose received by 99% of the target volume 
(D99) and generalized equivalent dose (gEUD) showed substantial 
inter-patient variations. For 40% of the investigated scenarios, the 
patient average simulated D99 for all targets were within 2GyE from 
the planned. The largest difference between simulated and planned 
dose was seen for the CTV-sv when using SIB delivery, with an average 
relative reduction in D99 of 13% and 15% for the largest margin 
expansion, when positioned using fiducials and bony anatomy 
respectively (Table 1). 
 
  
Conclusions: The most severe dose degradations were found for the 
seminal vesicles, but they were also evident for the lymph node 
target. The degradations could not be completely resolved, neither by 
using the largest margin expansion nor with the choice of set-up. With 
fiducial set-up the prostate target was robust against the inter-
fraction changes. 
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